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FLOW -THROUGH CONDUCTIVITY SENSOR 

FIELD OF THE INVENTION 

5 The present invention is related to devices 

and systems that measure conductivity. More 
particularly, the present invention relates to flow- 
through type conductivity sensors. 

10 BACKGROUND OF THE INVENTION 

Conductivity measurement sensors are well 
known in the art and are used to measure the 
conductivity of a fluid, such as a liquid or a 
dispersion of solids suspended in a liquid. 

15 Conductivity sensors are often used to investigate 
the properties of electrolytes in solution, such as 
the degree of disassociation, the formation of 
chemical complexes, and hydrolysis. The conductivity 
of a fluid may also be used to measure a wide variety 

20 of other parameters, such as the amount of 
contaminants in drinking water and a measure of 
chemical concentrations in industrial process 
streams. Applications such as these involve the 
determination of conductivities in many different 

25 physical environments. 

Toroidal conductivity sensors generally 
include two toroidal coils. The first coil is 
electrically excited by an alternating current source 
to generate a changing magnetic field. The changing 

30 magnetic field induces an electrical current in the 
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liquid. In electrolytic solutions, the mechanism of 
electrical current transfer is dependent on ions. 
The magnitude of the induced current is indicative of 
the conductivity of the liquid. The second coil 
5 detects the magnitude of the induced current. 
Typically, toroidal conductivity sensors are best 
suited for use in processes where conventional 
conductivity sensors, such as those with electrodes 
exposed to the measured solution, would corrode or 

10 become foul. 

One example of a toroidal conductivity 
sensor is sold under the trade designation Model 242 
available from the Rosemount Analytical, Incorporated 
Division of Emerson Process, which division is 

15 located in Irvine, California. The Model 242 sensor 
is designed to be installed easily into process 
piping between mounting flanges. As a flow-through 
conductivity sensor, the Model 242 is not sensitive 
to flow rate or direction and it does not obstruct 

20 the flow of process fluid. Typically, a flow- through 
conductivity sensor, such as the Model 242 is 
electrically coupled to a compatible instrument such 
as instrument models 54eC, 1055, 3081T, 4081T and 
5081T, all of which are available from the Rosemount 

25 Analytical, Incorporated Division of Emerson Process. 

Toroidal conductivity sensors of the prior 
art have generally performed well. One limitation of 
such sensors, however, has been that when sensors are 
offered for different pipe sizes, different sized 



-3- 



toroids must be manufactured to accommodate the 
various pipe sizes. Once a company offers three or 
four pipe sizes as well as toroids having different 
winding counts for each pipe size, the sheer number 
5 of different toroids that must be manufactured grows 
quickly. This tends to drive up manufacturing costs 
since the individual lots of toroids are relatively 
smaller. Providing a toroidal- type conductivity 
sensor that could use standardized toroids would 
10 allow manufacturing of such toroids to be done on a 
much larger scale and thus the component cost of the 
toroid reduced thereby also reducing costs of the 
final unit. 

15 SUMMARY OF THE INVENTION 

An improved flow-through conductivity 
sensor is provided. The sensor includes a current 
return path that has a current return conductor. At 
least one toroid of the sensor is removed from the 

20 flow path and configured to interact with the current 
return conductor to provide an indication of 
conductivity. Additional aspects of the inv.ention 
include disposing a pair of toroids about the current 
return conductor; disposing a toroid about the 

25 current return conductor and configuring the toroid 
as a transformer. 



_4- 



BRIEF DESCRIPTION OF THE DRAWINGS 
FIGS. 1 and 2 are side elevation and 
perspective views, respectively, of a flow- through 
conductivity sensor in accordance with the prior art. 
5 FIG. 3 illustrates, diagrammatically , the 

operation of the drive toroid, the receive toroid, 
and the current return path. 

FIG. 4 is a diagrammatic view of a flow- 
through conductivity sensor in accordance with an 
10 embodiment of the present invention. 

FIG. 5 is a diagrammatic view of a flow- 
through conductivity sensor in accordance with 
another embodiment of the present invention. 

FIG. 6 is a diagrammatic view of a flow- 
15 through toroidal conductivity sensor in accordance 
with another embodiment of the present invention. 

FIG. 7 is a diagrammatic view of a pair of 
electrodes usable with embodiments of the present 
invention when process piping has a conductive inner 
20 surface. 

FIG. 8 is a diagrammatic view of a pair of 
electrodes formed with commercially available flange 
pipe in accordance with embodiments of the present 
invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

FIGS. 1 and 2 are side elevation and 
perspective views, respectively, of a flow- through 
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conductivity sensor in accordance with the prior art. 
Sensor 10 is adapted to mount to process piping 12 in 
order to measure conductivity of process fluid 
flowing therethrough. Sensor 10 includes body 14 
5 which is generally a two-part construction from 
halves 14a and 14b (illustrated in FIG. 2) . A number 
of holes 16 within each of the halves 14a, 14b are 
sized to receive mounting bolts 18 and allow the body 
to be fixed to pipe flanges using mounting bolts 18 

10 and suitable fasteners 20. Junction box 22 is 
generally fixed to the top of sensor 10 and includes 
any suitable wiring terminations and connections, as 
may be appropriate. Since it is generally known that 
conductivity can vary as a function of temperature, 

15 sensor 10 generally includes a temperature sensitive 
device 24 that is adapted to provide an indication of 
process fluid temperature flowing through sensor 10 
such that the conductivity measurement can be 
compensated for temperature . 

20 Referring specifically to FIG. 2, toroid 

housing 26 is disposed between each of halves 14a and 
14b and contains both the drive and receive toroid. 
As illustrated, toroid housing 26 is sized such that 
the process fluid flows through the toroid housing 26 

25 and thus through both the drive toroid and the 
receive toroid. FIG. 2 also shows a pair of 
contacting rings 28 which are generally adapted to 
make electrical contact with the fluid flowing 
therethrough. These contacting rings 28 are also 
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electrically coupled to body 14 which itself is 
generally conductive. Accordingly, the combination 
of a pair of contacting rings 28 and the metal 
housing of the sensor itself provide a current return 
5 path for the current excited in the fluid as a result 
of operation of the drive toroid. 

FIG. 3 illustrates, diagrammatically , the 
operation of the drive toroid, the receive toroid, 
and the current return path formed by virtue of the 

10 contacting rings 2 8 and the conductive housing 14 of 
sensor 10. Drive toroid 30 is disposed about process 
fluid flow path 32. Receive toroid 34 is also 
disposed about flow path 32. The application of an 
alternating current to conductors 36, wound about 

15 drive toroid 30, generates a changing magnetic field 
that induces a current within the conductive process 
fluid within flow path 32. This current is detected 
by receive toroid 34 at conductors 38 which are wound 
about receive toroid 34 and coupled to suitable 

20 detection circuitry (not shown) . In order to create 
a closed circuit, current return path 40 is provided. 
In the prior art, current return path 4 0 is generally 
formed by conductive rings being electrically coupled 
to a conductive sensor housing. As illustrated in 

25 FIG. 3, prior art toroidal flow-through sensors 
provide both toroids (drive and receive) about the 
flow path. As set forth above, the flow path may be 
a pipe of varying sizes depending on the application. 
Accordingly, design and manufacture of the flow- 
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through sensor is somewhat customized depending on 
the size of the flow path since toroids must be 
designed that can fit around the flow path while 
still effectively coupling the magnetic fields to the 
5 flow path. 

Many embodiments of the present invention 
will be described with respect to process piping that 
has a non- conductive inner surface. However, 
embodiments of the present invention are equally 

10 practicable with process piping that has a conductive 
inner ' surface. Suitable electrodes for these 
applications are described in greater detail with 
respect to FIGS. 7 and 8. 

FIG. 4 is a diagrammatic view of a flow- 

15 through conductivity sensor in accordance with an 
embodiment of the present invention. In accordance 
with one broad aspect, sensor 100 is similar to 
sensors of the prior art with two important 
exceptions. First, at least one of toroids 102, 104 

20 is removed from the flow path. Specifically, toroid 
104 has been disposed about current return conductor 
106. Current return conductor 106 also differs from 
current return paths of the prior art in that it is 
actually a conductor, such as a wire. One example of 

25 current return path 106 might include a pair of 
contact rings, such as contact rings 28, but which 
rings 28 are then electrically isolated from the 
conductive sensor body. An electrical conductor, such 
as a wire, is then electrically coupled to each of 
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the contact rings 28 in order to force all return 
current through the conductor. This configuration 
then allows a toroid 104 to be disposed about the 
conductor to interact with the current. Embodiments 
5 of the present invention include toroid 102 being a 
drive toroid and toroid 104 being a receive toroid; 
or toroid 104 being a drive toroid and toroid 102 
being a receive toroid. This configuration is an 
improvement over the prior art in that at least one 
10 toroid can be formed with a standardized size 
(particularly toroid 104 illustrated in FIG. 4) . 
Those skilled in the art will appreciate that the 
construction of current return path 106 can be done 
in any suitable manner in which a pair of electrical 
15 conductors are brought into contact with the process 
fluid and where such conductors are coupled to one 
another through an electrical conductor of suitable 
size to have a toroid disposed thereabout. For 
example, when the process piping itself is non- 
20 conductive, the connection of the electrodes to the 
process pipe can be realized by using built-in pipe 
thread or flange of the electrodes. Thus, the 
electrodes can take any form as long as conductive 
electrode material is brought into contact with the 
25 process fluid. 

FIG. 5 is a diagrammatic view of a flow- 
through toroidal conductivity sensor in accordance 
with another embodiment of the present invention. 
The embodiment illustrated in FIG. 5 extends the 
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benefits of the present invention by disposing both 
toroids about the current return path. Thus, one of 
toroids 104, 110 is a drive toroid while the other is 
a receive toroid. In this embodiment, both toroids 
5 104 and 110 can be constructed from a standardized 
design that does not vary as the pipe diameter 
varies. Accordingly, toroids 104 and 110 can be more 
cost effectively mass-produced while still providing 
benefits of non-contact conductivity measurement for 

10 sensor 108. 

FIG. 6 is a diagrammatic view of a flow- 
through toroidal conductivity sensor in accordance 
with another embodiment of the present invention. 
Sensor 120 includes a single toroid configured to act 

15 as a transformer. Accordingly, toroid 122 includes a 
first winding 124; and a second winding 126 
electrically coupled in series with current return 
path 106. Sensor 120 is a hybrid design in the sense 
that it allows a hybrid form of measurement of 

20 conductivity by sensing the impedance across winding 
124. Sensor 120 provides hybrid measurement of 
conductivity because the measurement is somewhat 
isolated from the current return path, but the 
transformer-configured toroid is disposed at the 

25 sensor and maintains some of the benefits of toroidal 
conductivity measurement. This configuration may 
provide impedance matching and/or isolation required 
to read the conductivity using direct impedance 
measurement techniques. In other embodiments, 
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coupling the electrodes directly to suitable 
detection circuitry may allow for direct conductivity 
measurement. Preferably, multiple measurement regimes 
(toroidal, hybrid and direct) can be selected with an 
5 electric switch (not shown) . 

The description with respect to the 
embodiments illustrated in FIGS. 4-6 disclose sensors 
in which current flow within the process fluid is 
generated and sensed without having two or more 

10 toroids disposed about the process fluid flow path. 
The embodiments differ somewhat in the manner in 
which current flow is generated and/or sensed. 

FIG. 7 is a diagrammatic view of a pair of 
electrodes usable with embodiments of the present 

15 invention when process piping has a conductive inner 
surface. Process piping 200 has * a conductive inner 
surface 202. Sensor pipe 204, which is a part of the 
flow-through conductivity sensor, has a non- 
conductive liner 206 that extends inwardly from each 

20 end of sensor pipe 204. Liner 206 isolates sensor 
pipe 204 from conductive process piping 200. A first 
electrode 208 is formed by a contact ring 210 
disposed within pipe 204 beyond the ends 212 of liner 
206. Accordingly, ring 210 contacts process fluid 

25 flowing through pipe 204. Ring 210 is electrically 
coupled to conductive sensor pipe portion 214, such 
that electrical access to process fluid flowing 
through pipe 204 can be made through portion 214 and 
ring 210. 
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A second electrode is formed by 
electrically coupling to one of the conductive 
process pipes 200. Accordingly, a pair of electrodes 
216, 218 can be formed relatively easily to 
5 facilitate operation of embodiments of the present 
invention with conductive process piping. 

FIG. 8 is a diagrammatic view of a pair of 
electrodes formed with commercially available flange 
pipe in accordance with embodiments of the present 

10 invention. FIG. 8 bears some similarities to FIG. 7 
and like components are numbered similarly. Electrode 
216 is the same as in FIG. 7. In contrast to FIG. 7, 
a pair of commercially available metal pipes 220 are 
each coupled to conductive process piping 200. Each 

15 of pipes 220 includes a pair of flanges 222, 224 and 
an insulating liner 226 that extends from each end of 
the pipe 220 throughout the interior of the pipe. 
Conductive pipe 228 is positioned between each of 
pipes 220 and is electrically isolated from process 

20 piping 200 by virtue of insulating liners 226 on 
either side of pipe 228. An electrode 230 is formed 
using conductive pipe 228, since electrically 
coupling to the outside 232 of pipe 228 will allow 
electrical access to process fluid flowing through 

25 interior 234. 

Embodiments of the present invention 
generally remove at least one of a pair of toroids 
from a process fluid flow path. This allows greater 
standardization in manufacture of toroids for flow- 
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through sensors. Disposing both toroids about a 
current return path provides further advantages. 
Additionally, configuring a toroid as a transformer 
right at the flow-through sensor (illustrated in FIG. 
5 6) is believed to provide a system that is more 
tolerant of the cabling used to connect the sensor to 
associated instrumentation. 

Although the present invention has been 
described with reference to preferred embodiments, 

10 workers skilled in the art will recognize that 
changes may be made in form and detail without 
departing from the spirit and scope of the invention. 
Embodiments of the present invention are usable with 
non- conductive process piping as well as conductive 

15 process piping. 



